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ABSTRACT 
Effects of Pesticides on Immune Competency: Influence 
of Methyl Parathion and Carbofuran on Immunologic 
Responses to SaUnonella typhimurium Infection 
by 
Anna M. Fan, Doctor of Philosophy 
Utah State University, 1980 
Major Professor : Dr. Joseph C. Street 
Department: Toxicology 
viii 
Immunologic competence is correlated with resistance to infectious 
disease '"hich may be affected by exposure to certain compounds. Methyl 
parathion (MP) and carbofuran (CF) have been reported t o affect the 
development of active immunity in the rabbit and the present research 
was conducted to quantify the dosage relationships of these two pesti-
cides to both host resistance and acquired resistance in the mouse. 
Preliminary study was made on the virulence of Salmonella typhimur-
ium in mice. Mortality rates among infected animals fed Purina Labora-
tory Chow diet providing 0.08, 0 . 7 3.0 mg MP/kg/day or 0.1, 0.6, 1.0 mg 
CF/kg/day along with untreated controls were determined and protection 
afforded the ani.ma.ls by vaccination under the influence of chemical 
treatment was examined. The nature of dose response was further investi-
gated with the study of various parameters of host defense against micro-
bial infection. Measurements were made of the bacterial population in 
tissues of mice during and after the course of infection, differential 
ix 
leukocyte counts, in vivo and in vitro opsonic effect of serum, clear-
ance of the reticulo-endothelial system, agglutination titers of serum, 
total serum gamma-globulin levels, serum immunoglobulin levels with 
classes and subclasses, and lymphocyte response to mitogen stimulation. 
Dosage-related increases in mortality were seen in unvaccinated 
mice under both chemical treatments, and protection by immunization 
was decreased. Pesticide treatment extending beyond two weeks was 
required to obtain significant increases in mortality. Increased mor-
tality was associated with increased numbers of viable bacteria in 
blood, decreased total garr~- glabulins and specific immunoglobulins 
in serum, and reduced splenic blast transformation in response to 
mitogens. Serum opsonic activity of CF-treated animals was slightly 
reduced. These results support those of other investigations indi-
cating effects of environmental toxicants upon the resistance and immune 
competency of experimental animals . 
(100 pages) 
INTRODUCTION 
The presence of toxic chemicals in the environment and their in-
fluence on wildlife, l i vestock , and the health and well- being of man 
is a problem receiving increasing attention among health officials, 
scientists, and the general public. 
The effects of these agents on biological systems are dramatic 
when acute toxicity results in readily observable manifestations such 
as motor disturbance or death, but less obvious aspects of intoxica-
tion are not ah;ays readily detected because of a delay in response 
seen only after biological interactions; nevertheless, the latter may 
also be significant to the organism. Such is the case of effects of 
sublethal levels of some pesticides on susceptibility to infectious 
disease. 
A fully responsive immunologic system is essential for protection 
against encounter with some infectious, oncogenic or many toxic agents. 
Immunologic competence, which is correlated with resistance to infec-
tious disease, may be affected by exposure t o certain compounds. 
Typical studies demonstrating that sublethal levels of a toxicant 
can interact with a disease agent include the cases of PCB- fed duck-
lings innoculated with duck hepatitus virus (Friend and Trainer, 1970) 
and of carbamate-fed rats administered Esa l:er-~ahia co l i and Staphy-
l ococcus (Olefir, l974a) ;these treated animals showed enhanced mortality 
to the infectious agents. 
The effects that pesticides may exert on the immunologic mechanisms 
in humans in relation to infections are not well understood . 
Observations indicate that impairment of the immune response may be 
an effect with such organochlorine toxicants as DDT and PCB's 
(Wassermann et al . , 1969, 1971, 1972; Vas and Koemen, 1970; Vas and 
Beems, 1971; Vas, 1972; Vas and DeRoij, 1972; Vas and Van Gend eren, 
1973; Friend and Trainer, 1970; Glick, 1974; Loose et al., 1977 a, 
1977 b). Depression of immunologic reactions under the influence 
of some carbamate and organophosphate pesticides has also been 
reported (Sh tenberg and Dzhunusova, 1968; Shtenber g et al., 1972; 
Nedopriadko and Friedman, 1970; Olefir, 1971 a, 1971 b; Perelygin 
et al., 1971; Poteryayeva , 1971; Street and Sharma, 1975). 
In this study, I undertook to investigate the effects of 
certain pesticides on immunologically controlled defense mechanisms 
in a laboratory animal. Since immunosuppressive effects are of t en 
not accompanied by toxic symptoms or signs of pathogenicity, the 
measurement of specific immunologic response in toxicological 
testing may provide a highly sensitive indicator of adverse effects, 
effects for which the dosage thresholds might approach the exposure 
occurring in the workplace, if not the general environment. 
LITERATURE REVIEW 
Environmental contamination by pesticides is of great concern 
because of the effects these chemicals may have on bi~logical systems. 
Incidental exposure to pesticides elicits unintentional effects on 
various life forms and human health which creates concern regarding 
chronic exposure or exposure to dosages too small to cause acute 
toxicity, and directs attention toward the relationships pesticides 
may have on immunologic reactions. 
The problem is compounded by the fact that individuals may come 
under the influence of such toxic agents which alter the immunologic 
behavior while at the same time suffering from infections induced by 
biological agents. It is therefore logical to question what inter-
actions may be brought about by pesticides in such infectious pro-
cesses . Investigation of the interactions involved may best be 
carried out with an understanding of the nature of the immune system. 
The Immune System 
Structure 
Studies have delineated two distinct lymphoid organis in birds, 
the thymus and the bursa of Fabricus (Cooper et al., 1966). In 
mammals, it is thought that the bursal-type lymphoid cells are 
localized in the tonsils, Peyer's patches and within the intestinal 
system and the thymus itself. Lymphocytes migrate from the bone 
marrow to the thymus and become T cells, making up the largest part 
4 
of the circulating. pool from lymphocytes. These are responsible for 
cell-mediated immunity as well as graft- versus - host reactions. lfuen 
stimulated by antigen to proliferate and, subsequently, to di fferentiate, 
they become "Educated T" cells; those that are activated and produce 
liochemical media tors are called "Activated T" cells. Another major 
class of lymphocytes (the B cells) originates in the bone marrow. B 
cells migrate to the follicles of the outer cortex and medulla of lymph 
rodes where they function in antibody production . It is believed that 
~~ere is a cooperation of T and B lymphocytes in the production of 
antibody to many antigens (Claman and Mosier, 1972) . Owen and Jones 
U974) believe that the fetal liver is the mammalian analogue of the 
bursa of Fabricius as it is the primary site of B lymphocyte develop -
rrent. 
N>n-Specific and Specific 
Inmune Response 
The immune response is considered to involve complex participation 
o: T l ymphocy tes, B lymphocytes and macrophages (Gottlieb, 1974). The 
flrst line of defense generally consists of phagocytosis of the 
itvading organism by polymorphonuclear leukocytes and mononuclear 
~crophages, ideally destroying the invader. This phagocytosis can 
b• enhanced by non- specific serum components called opsonins, but 
limunologically specific, opsonizing antibodies are thought to be 
~re effective in the phagocytic process (Miller et al., 1968; Mouton 
e· al., 1963). The second line of defense is called upon when the 
f .rst cannot cope with the invader; this involves specific immune 
r ·sponses to antigenic components of the invading organism. 
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The antigen, or the invading organism, is taken up by phagocytic 
cells in the reticuloendothelial system, believed to be macrophages 
(Argyris, 1974), and the material is processed and presented to 
specific lymphoid cells. It is not clear whether all mtigens must 
undergo processing and presentation by macrophages. In vi t ro findings 
suggest that large particulate antigens may not need to undergo this 
processing (Campbell et al., 1974; Chen and Hirsch , 1972; Erb and 
Feldmann, 1975), however validity i n vivo is not certain. Whether 
or not an antigen selects a T or B cell presumably depends on fac-
tors such as the physiochemical nature of the antigen, its mode of 
presentation, its localization pattern and some of the biological 
properties associated with the antigen-specific receptor on the cell 
surface. 
Immunocompetent Cells 
T cells . In cell- mediated immunity, certain T cells may pro-
liferate after antigen interaction so that variable mediators, re-
ferred to as lymphokines, are produced (David, 1973; Bloom, 1974). 
These are macrophage migration inhibition factors, macrophage 
activating factor , macrophage chemotactic factor, chemotactic factor 
for lymphocytes , lymphocyte cytotoxic factor, interferon, mitogen 
factor, and Transfer factor. The stimulated T cells may either inter-
act directly with the antigen or affect other cells which are other-
wise not immunocompetent; when affected by lymphokines, the originally 
nonimmunocompetent cells actively attack and neutralize the antigen. 
The physiological significance of the mediator substa nces 
elaborated by activated lympho cytes has been primarily a product of 
deduction. Immune responses in which cell-mediated immunity plays a 
role include tumor immunity, delayed hypersensitivity, graft rejection, 
resistance to intracellular organisms and many autoimmunities. These 
responses were originally considered due only to direct cell inter-
actions, but it is now believed that humoral factors may also be 
involved. Cellular immunoresponsiveness is impaired in viral in-
fections, pregnancy, burns, surgery, i.ron deficiency, protein-
calorie malnutrition (Smythe et al., 1971) . Such depression enhances 
tissue invasion and dissemination of certain microorganisms. 
B cells. In humoral i~~unity , the B cells are triggered to 
become plasma cells and synthesize antibody. This occurs with most, 
but not necessarily all, specific antigens. Antigens are distin-
guished either as thymus- independent, which means they can trigger 
antibody production if the T cell population is severely depleted 
or absent, or thymus-dependent, which means no antibody production 
without the presence of T cells. This indicates a relationship or 
cooperation between T and B cells in some cases of antibody production . 
While T independence is particularly demonstrable for IgM antibody 
formation it is less obvious for IgG antibody formation (Mitchell et al., 
1971; Taylor and Wortis, 1968) . However, any effect on T cells may 
also affect IgG production. Mechanism of B cell activation include 
a one-signal model by Coutinho (1975) and Coutinho and Moller (1974, 
1975), Mitchell (1975), Hoffman (1975) and a two- signal model of 
Bretscher (1975) and Bretscher and Cohn (1968, 1970), Dutton (1975), 
Wecker et al . , (1975) , Britton (1974), Erb and Feldmann (1975), 
Feldmann (1972), Feldmann and Nossal (1972) and Schrader (1973). 
Recently, a three-signal model has been proposed (Schimpl and Wecker, 
1972). Regardless of the number of signals involved, a single unit 
of immune response consists of a single T cell and one or more stimulated 
B cells which make antibodies (Campbell, 1971; Campbell and Vann, 1972). 
The events involved in antibody synthesis are not well known, but they 
are thought to involve cyclic nucleotide synthesis. The active plasma 
cells representing differentiated B cells produce five classes of 
immunoglobulins knmm as IgA, IgG, IgM, IgD and IgE. Functional 
kinds of antibacterial antibodies are: 1) agglutinins, which clump 
and immobilize organisms, thus facilitating phagocytosis; 2) opsonins, 
which enhance phagocytosis; 3) precipitins, which neutralize toxins 
and surface antigens; and 4) bacteriolysins, which lyse bacteria in 
the presence of complement . 
The mechanism by which these antibodies function in resisting 
bacterial infection is probably dependent on the nature of the anti-
gen with which they combine rather than on the structure of the 
antibody itself. In theory, a single immunoglobulin molecule can 
induce allu t ination if it combines with cell wall components of 
a whole bacterium, but can induce lysis if complement is present, 
and it can promote opsonization if it blocks an antiphagocytic 
surface componen t . Therefore , functional antibodies are not neces-
sarily different from each other and many of them may be identical 
(Campbell, 1976). 
Until recently, B cells were thought not be be involved in 
cellular-mediated immunity at all . However, it now appears that they 
may participate in these reactions at several levels, as non-specific 
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mediators of cell- mediated immunity , as producers of lymphokines, and 
as active participants in resistance to infections. Production of 
lymphoki nes by human, guinea pig and mur ine B cells was demonstrated 
(Bloom et al., 19] 5; Hodes· et al. , 1975; Mackler et al., 1974; Parker 
and Metcalf, 1974; Wahl et al., 1974; Wilton et al., 1975) implying 
that B cells were involved in resistance to intracellular infection. 
Previously this function was thought to be due only to cell- mediated 
immunity involving T cells. Resistance to Salmone lla and M. bovis 
infections in T-depleted mice was also observed (Collins, 1974; Cheers 
and Waller, 1975; Hahn, 1975). 
Macrophages . Macrophages function as phagocytic cells located 
throughout the body in tissues and fluids. They are derived from 
circulating monocytes originating from hernatopietic tissue, primarily 
bone marrow. These macrophages can be stimulated to become effector 
cells upon stimulation by lymphokines (Fowles et al., 1973; Simon and 
Sheagren, 1972; Patterson and Youmans, 1970; Codal et al. , 1971; 
Krahenbuhl et al., 1971), by cytophilic antibodies (Christie 
and Bomford, 1975), by Vitamin E (Heinzerling et al., 1974), and by 
synthetic polyanions (Remington and 11erigan, 19 70) . They may be 
ac tively required for the production of lymphokines by antigen-
stimulated T cells (Wahl et al., 1975), and for function of other 
immunocompetent cells for in vit;ro (Hartmann et al., 1970; Mosier, 
1967 ; Roseman , 1969) and in vi vo (Gorczynski, 1971) immune responses. 
Mac rophages are believed to be able to produce a variety of media t ors 
that can act on other cells (Hoffmann and Dutton, 1971; Bach et al., 
1970; Alter and Bach, 1970) and directly on bacteria (Bast et al. , 
1974; Middlebrook et al., 1974 ; Heise and We i ser, 19 69; Sethi et a l ., 
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1974). The macrophages themselves are activated by T cell- released 
lymphokines which stimulate them to increase bacteriostatic and bac-
tericidal activity. Whether T cell factors which stimulate macro-
phages are specific or non- specific has not been established. The 
majority of data support the idea that immunologic resistance to 
cell-mediated infection involves stimulation of antigen- specific T 
cells to release non- specific lymphokines, and perhaps all macrophage 
activation by non- specific mediators requires the presence of B cells 
(Wilton et al., 1975). 
Relation of Pesticides to 
Effects of Pesticides on 
Body Defense Systems 
Immune Response 
Lymphoid histological effects induced by environmental chemicals 
were observed '"hen the feeding of polychlorinated biphenyls (PCB) 
to chickens resulted in atrophy of the thymus cortex and a reduction 
of the number of ger minal centers in spleen and lymph nodes (Vas and 
Koemen, 1970). Vas and Beems (1971) found a decreased leukocyte count 
in rabbits treated PCB preparations and a decreased number of antibody-
forming cells i n the popliteal lymph node after stimulation of the 
lymphoid system with tetanus toxoid in guinea pigs fed Aroclor 1260 
(Vas and DeRoij, 1972). Immunosuppressive activities of Aroclor 
1254 were considered by Kerkvliet (1976) in an attempt to account 
for the anti tumor effect in rats exposed to the PCB and receiving 
tumor transplants. PCB- and Hexachloro benzene (HCB) (Aroclor 1242) 
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induced immunosuppression in mice was demonstrated in control animals 
by a two-fold increase in primary and secondary splenic antibody plague-
forming cell (PFCl·- formation when compared to those exposed to the 
chemicals . The primary serum IgA concentrations of treated mice were 
consistently lower than the control values (Loose et al., 1977 a), 
Further work involving the study of the influence of PCB 1016 and 
HCB on the donor cells of graft-versus-host reaction indicated an 
enhanced cell-mediated immunity (Silkworth and Loose, 1978). Dele-
terious effects on the monocyte macrophage system were observed when 
mice were exposed to Aroclor 1254, with differences between adult 
and neonatal, male and female mice (Smith et al., 1978). Studies 
with rhesus monkeys indicated that chronic exposure to low levels 
of Aroclor 1248 could have modest to light immunosuppressive effects. 
while mice exposed to subclinical doses of the PCB appeared to have 
an impaired ability t o withstand challenge by microbial pathogens and 
an increased susceptibility to endotoxin (Thomas and Hinsdill, 1978). 
Dichlorodiphenyltrichloroethane (DDT) may have similar effects 
on body defense processes as the PCB ' s as rats submitted to p,p ' DDT 
ingestion showed increased liver weights, a fall in antiovalbumin 
antibodies, a rise in albumin concentrations and a lowering of serum 
globulin fractions (Wassermann et al . , 1969). Rabbits receiving DDT 
had a lm<er antibody titer against Salmonella (Wassermann et al., 1971) . 
Similarly, rats treated with dieldrin or lindane showed a reduced 
response of the 7S fraction of serum gamma globulin after Salmonella 
typhi administration (Wassermann et al . , 1972a). When chickens were 
exposed to high levels of DDT, they were less able to mount a normal 
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antibody response (Glick, 1974). It was also demonstrated that treat-
ment with DDT and Mirex resulted in a marked reduction in the metabolic 
activity of bursal, splenic, and thymic lymphocytes from chickens. 
Also, IgG levels were significantly reduced and IgM levels were 
markedly eleva t ed (Subba Rao and Glick, 1977). Alveolar macrophages 
from lungs of rats fed hexachlorobenzene (HCB) had a lower rosette-
forming ability when compared to those of untreated rats (Ziprin and 
Fowler, 1977). These findings suggest a functional effect on the 
chemicals of immunological parameters which helps to delineate the 
influence of pesticides upon immune responses . 
Carbamates and organophosphates were found to influence immunologic 
reactions as acute or chronic poisoning by chlorophos and carbaryl caused 
decreased activity of leukocytes (Nedopriadko and Fr iedman,l970; 
Olefir, 197lb;Perelygin et al., 1971; Poteryayeva, 1971). Data of 
Shtenberg and Dzhunusova (1968) and Shtenberg et al. (1972) showed 
immunosuppr ession by zineb, maneb and ziram. Street and Sharma (1975) 
reported alteration of immune response by DDT, Aroclor 1254 (a PCB) , 
carbaryl, carbofuran and methylparathion . These treatments resulted 
in decreased count of plasma cells in popliteal lymph nodes, in re-
duction of germinal cen t ers in the spleen, in increased atrophy of 
thymus cortex and in decreased antigen-induction of serum gamma-
globulin with some variations in effect among the chemicals. The 
irnmunobiological indicators were found to be more sensitive than the 
biochemical factors when these were assessed in rats and rabbits 
given trichloron, carbetox or Benzene Hexachloride (BHC) (Gavat et al., 
1976) . The bactericidal capacity of the blood was particularly 
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responsive to low doses while antibody production was affected only 
with higher doses of the pesticides. Malathion, dimethyldichlorovinyl 
phosphate (DDVP) and lindane (a BHC) were shown to suppress agglutina-
tion in rabbits exposed to Sabnone~~a typhi vaccine (Desi et al . , 1976). 
Similar observations were made by Desi, Varga, and Farkas (1978) with 
the same pesticides and the immunological findings were correlated 
with the inhibition of cholinesterase activity by the two organa-
phosphorous compounds . It is also interesting to find that simul-
taneous exposure to maximum permissible concentrations of chlorophos 
and maximum permissible noise levels had a synergistic effect on 
indices of natural immunity (Tsapko , 1976). 
When the effects of representatives of several widely used pesti-
cide classes were studied on the primary immune response of mice, 
Wiltrout, Ercegovich and Ceglowski (1978) noted that all the pesticides , 
including ametryl, chlordimeform , parathion, DDT and carbaryl, had the 
potential t o suppress an ongoing primary humoral immune response when 
administered in high single doses, as measured by the number of anti -
body plague forming cells (PFC) in spleen. In cases where the adminis -
tration of lLDso of a pesticide resulted in a statistically significant 
depression of the PFC/spleen level, a concomitant decline in the total 
splenic lymphocyte population was also found . 
Effects of Pesticides on 
Susceptibility to Infection 
In addition to obvious impairment in immunologic responsiveness, 
immune parameters are also sensitive indicators of toxicity and are 
becoming increasingly valuable in chronic toxicity assessment. One 
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of the earliest works investigating the influence of environmental 
pollutants on resistance to disease was that of Friend and Trainer 
(1970). In it they described the interaction of an organochlorine 
pollutant and viral infection in mallard ducklings. Immunosuppression 
may explain the higher sensitivity of PCB-fed ducklings toward duck 
hepatitus virus that was observed. An increased susceptibility of 
checkens fed DDT to histomoniasis was demonstrated by Radhakrishnan 
et al., (1972). It was suggested that DDT retarded the development of 
H. gallinarum larvae and thus the release of histomonads; also it may 
have affected the development of immunity to histomoniasis, or affected 
the bacterial flora resulting in observed changes in susceptibility. 
Work of Olefir (1974) showed an increased susceptibil ity to 
Escherichia coli and Staphlococcus in rats fed carbamate pesticides. 
This was accompanied by disturbances in the humoral, cellular and 
barrier levels, the serum complement activity, the percentage of active 
neutrophils, and the phagocytosis activity digestion indices, the 
bacterial counts on the skin and mucosa, and the bactericidal power 
of the skin. An increase in sensitivity to the lethal effects of 
Salrrvne lla typhosa endo,toxin and Plasmodiwn berghei infection in mice 
fed aroclor 1242 and hexachlorobenzene was found by Loose et al ., (1977b). 
These findings lend evidence to the alteration of immunologic responses 
by pesticides to some diseases in laboratory animals, and renders a 
growing concern in search for further support of the effects and 
influence of pesticides on the resistance of bacterial invasion and 
immunologic reactivity to susceptible host. 
Summary 
The danger of exposure to pesticides was recognized early in 
1962 when the dramatic accounts of Carson caught attention among the 
public. Much study has been done on the toxicological aspects of 
these chemicals while their immunity- related effects ,.,ere not recog-
nized until the late 60's. Even so, in the discussion of toxicology 
of insecticides in 1975 (Matsumura, 1976), the scope of the relation 
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of pesticides to immunological responses was not clearly defined . Par-
ticularly little information has been obtained concerning the combined 
action of pesticides and infection on the immune system, though interest 
has begun to grow in the recent years. A greater insight into the 
possible actual or potential noxious role the pesticides may play on 
the defense systems of infected animals may help to understand the 
effects that are less obvious and otherwise not detected in a less 
sensitive toxicity test system. 
Mouse Typhoid and 
Host Resistance 
Mouse typhoid has been used in many laboratory studies to investi-
gate the different aspects of host resistance. Reports have been 
published describing decreased resistance to SaZmonel~ typhimurium 
infection mediated by lead (Hemphill et al . , 1971), by thorotrast 
(Reade and Bateman, 1969) and by phenylhydrazine hydrochloride (Kaye 
and Hook, 1963), increased r"sistance .elicited by non- bacterial RNA 
and synthetic polyanion (~!edina et al., 1975) have been reported also. 
Several biological mechanisms are advanced to explain such changes in 
susceptibility, of which the more logical involve altered resistance 
or defense mechanisms. 
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Two conflicting views are held concerning the mechanism of resis-
tance to S . typhimurium: one school (Saito et al . , 1960; Sato et al., 
1961; Mitsuhashi et al., 1961; Hobson, 1957; Mackaness, 1962; Blanden 
et al., l966a, b; Plant and Glynn, 1974) believes that a cellular 
mechanism is involved; the other (Jenkin et al . , 1964; Rowley et al. , 
1964) is equally persuaded that immunity is due to specific opsonic 
antibodies . A characteristic feature of cellular immunity in intra-
cellular infections is the acquisition of enhanced microbicidal acti -
vity of macrophages (Medina et al. , 1975); however it was also inferred 
that the enhanced microbicidal activity of macrophages is a property 
conferred on them by adsorbed antibody and is not due to an in t rinsic 
change in cell function (Rowley et al., 1964). 
Much of the work on resistance to S. typhimurium infection has 
been geared t oward the genetic differences that contributed to the 
variations in susceptibility. Studies of Gowen and Calhoun (1943) 
and Oakberg (1946) attributed differences in survival t o differences 
in number of leukocytes or function of the reticuloendothelial system . 
Groschel et al . , (1970) have attributed resistance to the enhanced 
bacetericidal capacity of the re t iculoendolial system and to the 
increased resistance to the tox i c effects of bacterial lipopoly-
saccharide. Gelzer and Suter (1959) showed that in the presence of 
antibodies , the i mmediate cytotoxicity of phagocytized S . typhimurium 
to macrophages is abolished . Under these conditions , the bacteria 
multiplied and resided intracellularly under a more stabilized 
environment resulting in little or no extracellular gr01vth . The 
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activity in immune sera was found in the gamma- globulin fraction and 
reacted readily with somatic antigen of the bacteria . Correlations 
found between the rate of removal of bacteria, their subsequent fate 
within monoauclear cells and the survival of the infected experimental 
animals may help clarify the mechanism involved (Rowley, 1958; Biozzi, 
19 60) as does correlations in percentage of bacteria phagocytized and 
killed in mouse peritoneal cavity with changes in opsonic titer in set~m 
(Jenkin and Rowley, 1961). 
In spite of the different views offered to account for the varia-
tions in r esistance, it shoul d be noted that the response to patho-
genic micro-organisms is a complex problem involving phagocytosis, 
an t igen processing , expression of immune resistance via phagocytic 
components, ut ilization of the reticuloendothelial system and the 
utilization of complement, antibody and cell -mediat ed factors. The 
r esponse will be greatly influenced by the physical s t ate of t he anti-
gen, the genetic constitut i o n of the host, prior immunologic experience 
and whether a humoral, cellular or combined response is to be elicited. 
It may be altered by reducing the number of specific cells avail able 
that could interact with antigen or by suppression of t he interaction 
of an t igen and reactive T and orB cells (Waldman et al . , 1974). 
Immunity that is already present can be ablated through the use of 
procedures or substances such as radiation, corticosteroids and anti-
metabolite drugs which decrease the concentration of memo r y cells or 
interfere with the mediators of the immune response. Initial 
suppr ession may depend on the particular suppr essive treatment while 
the homeostasis of suppression is probably dependent on the active 
response of the host . The active response may include production of 
antibody directed against specific receptors as well as antibody 
directed against antigen. Thus, response of humoral and cell-
mediated immunity to an antigen may be achieved by the use of only 
the biological agents of the response, i.e., antigen, antibody and 
possibly antibody to receptors. 
Conclusion 
Humans encounter pesticides by contact, inhalation or ingestion 
depending variously upon occupation-related exposures or the pesti-
cide residues that may occur in air, water or food. Such encount ers 
may cause hypersensitivity, or allergy observed as dermatitis and 
urticaria which are manifestations of immune reaction but are 
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often unrecognized and unreported. Even though the effects of 
pesticides on immunologic responses are often alluded to they are 
rarely documented as compared to the vast information about the toxi-
cological properties and pharmacodynamics of these chemicals. The 
influences of organophosphorous and carbamate insecticides on 
cholinesterases , and induction or potentiation of liver microsomal 
enzymes by organochlorine and organophosphorous pesticides have 
received considerable attention (O ' Brian and Yamamoto, 1970), however 
influences on host defense mechanisms a re less evident. In a review· 
on relation of pesticides to immune response (Ercegovich, 1973) , it 
was concluded that evidence presented thus fa r has not been suffi-
cient to indicate any immunosuppressive effects of these chemicals . 
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More investigation is needed to search for further evidence in support 
of earlier findings on the immunosuppressive effects of pesticides, 
an aspect which has been gaining concern and demands more information. 
Although immunosuppression should not be considered as a normal as-
·pect of general toxicity, it should be looked for in toxicity testing 
(Vos and Van Genderen, 1973). It is a potentially important area to 
which man should be alerted because of the implication that alterations 
in immunologic reactivity may have on environmental agents. The pre-
sent research involves the toxicological study of two pesticides, 
methyl parathion and carbofuran (Table 1), ~vith the use of inununologic 
parameters as indicators of toxicity. 
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MATERIALS AND METHODS 
Male adult Swiss-Webster mice weighing about 30 grams were used. 
These were divided into experimental groups of different numbers as 
required and given specified concentrations of pesticide in feed. 
An additional group of ten mice was kept at each dose level to serve 
as a pool from which serum (hereafter referred to as test serum) was 
collected after 28 days of chemical treatment. 
Chemicals 
Methyl parathion (0,0- dimethyl-0-4-nitrophenylthiophosphate, MP, 
99.4%, American Cyanamid Co.) and carbofuran (2,2-dimethyl- 2,3-dihydro-
benzofuranyl-7-N-methylcarbamate, CF, 99.6%,Niagara Chemical Co.) were 
used. 
Feed Preparation and Treatment 
The respective chemicals, dissolved in acetone, v1ere added to 
ground Purina Laboratory Chow containing 10% molasses. This was mixed 
well with use of acetone, which was then allowed to evaporate and the 
feed then made into pellets (California Pellet Mill). 
Treated feed provided doses of 0 . 08, 0.7 and 3.0 mg/kg/day for 
methyl parathion and 0 .1, 0.6 and 1 mg / kg/day for carbofuran. l<ater 
was supplied ad libitum. 
2l 
Bacteria 
A virulent strain of Salmone lla typhimurium, designated c5 , was 
used. This was kindly supplied by Dr. H. G. Robson of McGill University, 
Canada. The stock culture was maintained on agar slant, kept at 4°C, 
and subcultured every two months or as required. Special care was 
taken in handling the pathogen . Aseptic techniques were used. 
Culture Media 
Mineral-salts medium without added glucose (Lichstein und Ginsky, 
1965) was used for the initial culture of the lyophilized ampoule. For 
all other purposes, tryptic soy broth and tryptic soy agar(Difro) were 
used throughout the experiment. 
A 24 hr broth culture of bacteria was centrifuged at 2600 RPM 
for 45 min, washed twice in saline and resuspended in saline. To this, 
five volumes of acetone chilled to 4°C was added and the suspension 
shaken thoroughly and permitted to stand overnight at 4°C. After 
centrifuging, washing, and resuspension twice in saline, aliquots of 
the vaccine were plated to detect any living organism. It was then 
dispensed in small volumes, lyophilized, and stored at - 0°C. 
Prepared vaccine was reconstituted in saline when used; reconsti-
tuted vaccine was not used for more than 3 days. Vaccination was 
gi ven as iv as three weekly doses of 0.12 ~g each in 0.1 ml volumes 
unless otherwise stated . 
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Quantitative Cultures 
For standardization, an 18 hr culture was transferred to saline 
in serial ten-fold dilutions and 0.1 ml of each plated in duplicates 
for bacterial counts by the pour plate method. This was checked by 
reading in a Lumetron colorimeter at 540 mu and verified by viable 
counts. Colonies obtained with pour plates were observed to have two 
different appearances--circular and spindle, the latter of which was 
due to distortion because of embeddiment in agar. Both were confirmed 
to be S. typhimy:t'iwn. 
Median Lethal Dose of 
Salmonel la typhimurium 
The Lc 50 value of S. typhimuriwn c 5 for mice was estimated by 
the method of Reed and Muench (1938). Gr oups of six mice were given 
graded doses of the organism ip and the mortality was observed for the 
following 2 weeks. A mouse surviving at a given dilution of the 
bacteria was assumed to have survived at a highe r dilution, while 
one dead at a given dilution would have died at any lower dilution . 
Results in accumulated numbers dying and surviving were recorded to 
constitute two curves that meet at the assumed point of 50% mortality. 
An equal number of dilutions was taken on each side of the endpoint 
to cancel out highly susceptible or refractory animals occasionally 
encountered. The desired endpoint value was established by means of 
calcula t ion from these data. 
Mortality in Pesticide-Treated and 
Untreated Mice after Infection 
Groups of 20 mice were given graded doses of methyl parathion 
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or carbofuran mixed in feed for 4 weeks at which time they were chal-
lenged ip with S. typhimurium. Survival of the animals was followed 
daily for the following 4 weeks while they were maintained on the 
same diets . An untreated control was kept for both chemical groups. 
Cumulative mortality rates were computed and expressed as percent 
death against time (Fig. 1). 
In addition, groups of 20 mice were fed diets containing res-
pective pesticide and vaccination was given as three weekly doses of 
acetone- killed bacteria, iv, or as otherwise stated. Control groups 
were also kept and mortality rates after bacterial challenge were 
recorded. These groups provided the means to observe development of 
active immunity. 
~muri_wn in 
Blood and Tissues 
At timed intervals (days 1, 5, 7, 14, 21, and 28) within the 
n~~t 28 days following the infective dose, three healthy looking 
animals from each dose level were bled from the retro-orbital venous 
plexus. A sample of 0.05 ml heparinized blood was collected and 
diluted in saline on ice. Sufficient dilutions were made and 0.1 
ml volumes were plated in duplicates for viable counts . These 
counts l<ere expressed as number of organisms per ml of blood. 
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Fig. 1. Cumulated deaths and survivals of mice . 
The endpoint was determined as the proportional value between the dilutions 
immediately above and below 50% mortality; 
i.e . Endpoint = 50 per ~ent - (mortality at dilu:ion next below) 
' (mortal1ty next above) - (mortal1ty below) 
The dilu t ion giving 50% mortality ("endpoint") equaled 1:20. 
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At the end of 28 days after infection, two mice from each dose 
level were taken, their spleens and livers removed and homogenized in 
10 volumes of saline, and al iquots from t he homogenates were plated 
for viable counts. These counts we r e expresses as number of organisms 
per gram tissue s . 
Leukocyte Counts 
Blood was collected from the retro-orbital venous plexus of mice 
in 0.25 ml volumes on the 28th day of pesticide treatment before 
bacterial challenge, diluted 1:20 in 1% acetic acid and total leukocyte 
coun ts were performed in a hemocytometer. Smears were made from blood, 
fixed for 15 min in methanol and stained for 45 min in Giemsa s t ain 
for differential counts. 
Opsonic Activity of Serum 
The isotopic labelling of S . t yphimurium with 131r was based on 
the t echnique described by Biozzi et al . (1960). An 18- hr cul t ure 
was washed twice and a suspension of 1010 to 2 x 1011 bacter ia was 
prepared in 3 ml saline. The pH was adjusted to 7 . 4 with 0.2 M 
sodium phosphate buffer . With cons t ant s t irring, 0.05 ml of a solu-
3 tion of KI (18.5 mg r 2 + 23 . 5 mg KIper ml) and 1 mCi of carrier- free 
Na 131r (New England Nuclear , Boston, Mass . ) was added slowly. The 
treated ant i gen was kept at room temperature for 3 hrs and then 
dialysed against saline to remove unfixed radioactivity. 
The labelled organisms were administered iv into normal mice at 
a concentration of 109 bacteria in 0 . 1 ml . At timed in t ervals wi t hin 
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the next 15 min, 0.05 ml blood samples were removed successively from 
the retro-orbital venous plexus, lysed in 3 ml of 0.1% sodium carbonate 
and the blood clearance rate (V.) was established. Then the test serum, 
undiluted and in two-fold dilutions, 0.1 ml volumes was introduced and 
the subsequent bacterial clearance rate (V1 ) followed for the ensuing 
15 min; the increase in the rate of phagocytosis is a measure of the 
serum's opsonic activity. The samples' radioactivity was measured 
(Packard Gamma Scintillat ~on Spectrometer), and the blood radioacti-
vity was plotted against time. Opsonic activity was expressed as 
opsonic effect ((V1-v) x 100). 
Blood Clearance of 
Salmonella typhimurium 
Immunized and non-immunized mice were fed die t s containing graded 
doses of methyl parathion and carbofuran for 4 weeks. The animals 
were then injected iv with 3 x 108 bacteria in 0.1 ml suspensions and 
the blood clearance rate was established for the following 30 min. 
Blood samples were collected from the retro-orbital venous plexus in 
0 .05 ml volumes , diluted in saline, and aliquots plated for viable 
counts. Log bacterial counts were plotted against time . 
Agglutination Titers 
A 24 hr culture of S. typhimurium was washed and resuspended in 
saline to constitute a heavy suspension. It was then heated at 100°C 
for 30 min and diluted to a turbidity that could best be determined 
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by trial (it should be sufficiently dense to give a faint but definite 
turbidity) . The prepared bacterial test an t igen was tested for sterility 
by plating and innoculation into culture broth followed by incubation . 
A volume of 0 .025 ml saline was added to the wells of a conical 
bo ttom microtiter plate, an equal volume of t est serum was added t o 
the first of a row of wells, mixed and serial two- fold silutions wer e 
made with saline . 0 . 025 ml. antigen was added to each of the wells 
while a control was prepared with saline and s erum without antigen . 
The plate was incubated at 37°C for 2 hrs and kept at refrigerator 
temperature overnight. The samples were then read for agglutination 
where the highest value obtained was considered the titer of the 
serum. 
Serum Gamma-Globulin Levels 
A technique of zone electrophoresis in polyacr yl amide gels was 
used based on differ ences among electrophoretic mobility of the 
constituent ions in the samples (Davis, 1964). 
A vo lume of 0 . 15 ml large-pore solution was added to the well 
of a rubber stopper and then 3 Wl of test serum was mixed in thor -
oughly . The photo- flo coated gel tube was inserted into the well, 
positioned vertically and a wa t er layer pl aced on t op of the gel 
solution after whi ch the tube stand was placed directly under a 
day- light fluorescent lamp for polymerization. After 30-45 min the 
tube was removed and inverted to remove the water with the help of 
absorbent cloth. The tube was rinsed twice with large- pore solution 
in which the monomer and sucrose stock solution was replaced by 
distilled water. A spacer gel of 0.15 ml large-pore solution was 
added and water layered, then exposed to light for 20- 30 min . 
Following polymerization, the tube was inverted, the water removed 
and the tube washed and filled with small pore solution. The tube 
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was capped with saran wrap, making sure that no air bubble was trapped, 
and was protected from strong light permitting to stand for about 30 
men. The gel was then subjected to electrophoresis using Tris-
g:ycino buffer at pH 8 . 3. The current was adjusted to 5 milliamperes 
per tube, migration was stopped and the bromphenol blue dye was added 
t o the upper reservoir before electrophoresis neared the end of the 
gel tube. 
After electrophoresis, the gel was removed from the tube by 
rJnsing under water. It was stained by immersion into fixative 
stain of 7% acetic acid and aniline blue black for a minimum of 1 hr. 
Tle gel was then rinsed under tap water and electrophoretic destaining 
prrformed using 10 milliamperes per tube with 7% glacial acetic acid . 
Fdlowing destaining, the gel was stored in test tube containing 
acetic acid of the same concentration. 
Results were obtained by reading individual gels in a spectro-
protometer (Gilford 2000) scanning under visible light (tungsten) at 
6CO mu. Level of gamma- globulin was reoorted as a ratio to trans-
ferrin which served as an internal reference. 
Serum Immunoglobulin Levels, 
Classes and Subclasses 
Serial two-fold dilutions of standard mouse immunoglobulins (Heloy 
Laboratories, Inc., Springfield, Virginia) were prepared and mL~ed 
thoroughly. A microhematocrit tube was filled by capillary action 
and the standar d delivered into cut wells in buffered agarose gel of 
immunodiffusion plates impregnated with monospecific antibody. The 
test sera were dispensed undiluted in the same manner for assay of 
mouse IgG1 , IgGZA' IgGZB' IgA and IgM. 
The plates were plated and sealed in plastic bags and incubated 
fo r 16-18 hrs at room temperature. With diffusion of the sera, 
visible , circular precipitin rings o f the antigen- antibody complex 
were formed. The diameters of the developed rings were measured, 
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the standard curve was obtained by plotting standard concentration 
on the X-axis and the squares of the ring diameters on the Y-axis of 
Cartesian (linear) graph paper . The concentrations of the test sera 
were determined from the standard curve by squaring the unknown ring 
diameters and then reading the corresponding concentrations directly. 
Mitogenic Stimulation of Splenic 
Lymphocyte Cultures 
Aseptic techniques were employed throughout the test procedures. 
Normal and treated mice were killed on the 28th day of pesticide treat-
men t by cervical dislocation, their spleens removed and placed in a 
pe tri dish containing 5 m1 saline. The contents of spleens were teased 
out with forceps and the cell suspension pushed through a series of 
needles of graded sizes, then transferred to a test tube where c ell 
aggregates were allowed to sediment for 5 minutes. The supernatant 
cell suspension was transferred to a second tube and centrifuged a t 
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140 x g for 10 min. The cells were resuspended in RPMI-1640 medium 
(Grand Island Biological Company, Grand Island, GIBCO) supplemented with 
10% heat inactivated fetal calf serum, L-glutamine (200nN/ml), penicillin 
(100 units/ml) and streptomycin (100 ~g/ml). Cells were counted in a 
hemocytometer with 1% trypan blue, and the suspension was adjusted to 
con~ain 6 x 106 viable leukocytes per ml. 
The spleen cells were added in triplicate 50 111 v-olumes to the 
fla~ bottomed wells of microtitration plates (Microtest II, 33040, 
Falcon, Oxnard, Ca.). Fifty ~ 1 of the medium containing 20 ~1/rnl of 
either Phytohaemagglutinin (PHA, GIBCO) or Pokeweed mitogen (PWM, 
GIBCO) was then added to each well except for the control samples 
which received only 50 ~1 of the medium wi thout mitogen. The plates 
were covered with a loose fitting lid and incubated at 37°C in 5% 
C02 humidified air atmosphere for 54 hours at which time 50 ~1 of 
medium containing 0 . 5 ~Ci of methyl-3H-thymidine (6.7 Ci/mmole, 
Schwarz/Mann, Orangeburg, N.Y . ) was added to each well and the 
incubation continued for another 18 hr. The cells were collected 
on glass fiber filter disc (Reaves Angel 934AH, 2.1 em) with a cell 
harvester (model M-12V, Biomedical Research and Development Lab, 
Rockville, ~ID) using saline . The filter discs were placed in 5 ml 
scintillation vials (Research Products International Corp., (RPI, 
Elk Grove Village, Ill.), dried at low oven temperature and then 
shaked with 3 rnl of scintillation fluid (Ornnifluor 2a70, Research 
Products International, Elk Grove Village, Ill.). These vials were 
then placed into another 24 ml scintillation vial and counted on a 
scintillation counter (Beckman, LS-133) for 10 min. Counting 
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efficiency was obtained for each sample using a standard curve plotting 
external standard ra t io against percent efficiency. The counts per min 
were converted to disintegrations per min and the results expressed as 
percent response to mitogen compared to control. 
Determination of Phagocytosis of S . typhimurium 
by Mononuclear Macrophages in vitro 
The procedure of Hsu and Radcliffe (1968) was used for preparation 
of suspended culture of macrophages. 
11acrophages were induced in guinea pigs by injecting 10 ml mineral 
oil ip 3- 5 days prior to harvesting. The peritoneal cavity was washed 
gently t,,m to three times with a total of 40 to 60 ml of Hank's balanced 
. salt solution containing 2% homologous serum (GIBCO, Grand Island, N.Y . ) 
and six units of heparin per ml at pH 7.4. The cell suspension was 
adjusted to pH 7.2 with 1 . 4% isotonic sodium bicarbonate solution after 
separation from oil . The cells were collected by centrifugation for 
15 min at 220 x g, pooled in 5 to 10 ml of the above- mentioned Hank ' s 
washing solution, and the population determined in a hemocytometer . 
A bacterial suspension was opsonized as described by Jenkin and 
Rowley (1961) by mixing 1 ml of washed cultur e with l ml of test serum 
at 4°C and t hen let s t and at the same temperature for 20 min. The 
mix t ure was then centrifuged at 3000 x g for 15 min and resuspended in 
saline . 
A sample of the macrophage suspension containing 3 to 4 x 107 
cells was transferred to a 14 x 90 mm siliconized test tube . To this, 
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1 ml of homologous serum and an appropriate volume of the prepared 
bacterial suspension was added so that the ratio of cells to bacteria 
was approximately 1:20. Sufficient amounts of the washing solution 
was added t o yield a final volume of 6 ml. This was incubated at 37°C 
with rotation of the tube permitting phagocytosis. At times of 0, 30, 
60, and 120 min, an aliquot of 0.5 ml of the suspension was removed 
and added to 1.5 ml ice- cold gelatin-Hank's salt solution (0.1%) 
to stop phagocytosis. The sample was centrifuged for 4 min at llOg, 
0.1 ml of the supernatant was taken and serial dilutions were made in 
saline and t hen plated for colony couats. The number of viable bac-
teria per ml was calculated from the mean of duplicate plates. A 
control tube was run with bacterial suspension to demonstrate that 
the organisms were not sedimented under the conditions . The phago-
cytic index obtained at 120 minutes (F120 =log N0 - logN120) of 
phagocytosis was computed. 
RESULTS 
Median Lethal Dose of 
SaUnonella typhimurium 
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The LD50 value of Salmonella typhimurium c5 for normal Swiss l<hite 
mice was estimated to be 30 organisms (Table 2; Fig. 1). This was ob-
tained by enumeration of the culture which gave the endpoint for 50% 
mortality in the animals within a 14 day observation period . The 
graded doses of inncculum gave a range of zero to 100% mortality among 
the groups of mice . The animals were observed daily for general health 
appearances and death; those noticed to have shown illness all died 
within a few hours. Among groups, mos t deaths occurred between days 
5 and 10 but within each group, a greater number died between days 5 
and 7. 
Preliminary Trials 
Mortality in Pesticide- Treated 
Mice after Infection 
The preliminary trials were conducted to study the nature of dose 
response and mortality in animals treated with the test chemicals. 
Methyl parathion treatment. Swiss-Webster mice on methyl parathion 
diet treatment were given 30 viable bacterial cells . After the challeng-
ing dose , most deaths occurred between t he 5th and lOth day with the 
greatest number dying on the 7th and all deaths occurring within the 
first 21 days . (Fig. 2) Seventy percent of the animals in the control 
(untreated) group died, while 80% died in groups one and two (low and 
TABLE 2 
NUMBER OF DEATHS OR SURVIVALS 14 DAYS AFTER TREATMENT 
WITH TITRATION OF BACTERIAL CULTURE WITH ru~ EQUAL 
NUMBER OF DILUTIONS TAKEN ON EITHER SIDE 
OF THE ENDPOINT 
Dead Total a 
Totalb % Mortalityb Dilution Alive Alive Dead 
1 :1 0 6 0 23 100 
1: 2 l 5 l 17 94 
1:4 l 5 2 12 86 
1:8 4 2 6 7 54 
1:16 4 2 10 5 33 
1:32 4 2 14 3 18 
1 : 64 5 1 19 l 5 
aThe number of animals is added from the top and the subtotal fo r 
each dilution is entered as the accumulated number of mice 
s urviving at given plus lowe r dilutions. 
bThe number of animals is added from the bottom, and the subtotal 
for each dilution is entered as the accumulated number of mice 
dying at given plus higher dilutions. 
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medium treatment level, respectively) and 90% died in group three (high 
treatment level). The mean time to death was 10 days for the controls, 
9 days for group one and 8 days for groups two and three. 
A dose response relationship was suggested as both the percent 
ruortality and time to death of mice showed a tendency of oeing affected 
by increasing chemical levels. However, a statistical analysis using 
the Chi-square Cx 2) test did not indicate significant mortality dif-
ferences among the ·groups of mice. 
Mice receiving the same diet treatment but immunized with 10 ~g 
vacc ine 17 and 10 days before the bacterial challenge had mortality 
within the first 14 days, the greatest number succumbed on the 8th 
day . Mortality rate was 40% in the controls, 60% in group one, 80% 
in group two, and 85% in group three. The mean time to death was 9 
days for all groups. 
Statistical analysis showed a significant difference in mortality 
between the high treatment level group and the controls (P < .Ol), 
and the medium treatment level group and the controls (P < . 01). The 
iifferences were dose related. Chemical treatment seemed to affect 
the response to active immunization while immunization itself appeared 
to have shortened the period of time during which deaths of mice 
occurred. 
Carbofuran treatment. Carbofuran- treated mice were injected with 
~en bacterial cells. After the infection, deaths were ob served through-
out the 28 day period, most of which occurred between days 5 and 10 
vith the greatest number found on days 6 and 7 (Fig. 3). Forty- five 
>ercent of the animals died in the control groups, 74% in group one 
~ low treatment level), 70% in group t,.;o (medium tr eatment level) and 
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95% in gr oup three (high treatment level ) . The mean time to death was 
10 days for the controls, 9 days fo r group one, and 11 da ys fo r gr oups 
n;o and three. 
Statistical analysis indica ted a s ignificant difference in mor-
tality between the high treatment level group and the controls (P < 0.1). 
There appeared to be a prolonged time to death in some anima ls, which 
may be an effect of the smaller challenging dose. 
Mice of carbofuran diet and immunized with t hree weekly doses of 
12 ~g vacc ine showed mortality at the 3rd and 4th week i n all groups 
except group three whic h had deaths t hroughout the observation period. 
Mor tality was 10% in the controls and group one and two, 35% i n group 
three. The mean time to death was 21 days fo t the controls, 20 days 
for group one , 17 days for gr oup two and 16 days for group three. The 
time t o d eath of animals seemed to be prolonged, probably due to the 
smaller dose of bacteria and a stronger i mmuniza tion procedure. 
When carbofuran treatmen t was given fo r a period varying from 
1 to 4 weeks at the high l evel, the greatest mo rtal ity was also fo und 
on the 7th day but a number of deaths were observed after the lOth day 
n gr oups receiving a period of treatment shorter than 4 weeks (Fig. 4). 
Cummula ted mortality was 55% in the controls, 60% in mice on 1 week 
of treatment, 70% in mice on 2 weeks of treatment and 80% in mice on 
3 and 4 weeks of treatment. Mean time t o dea th was 11, 12 , 11, 1 2 , 
a nd 10 days fo r the groups, respectively. Treatment effect, t herefore , 
appea r ed to be related to the t ime length of ~xposure to the chemical . 
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Principal Trials 
To confirm the mortality data ob tained above, further studies 
were carried ou t. Tissue and serum samples were collected from the 
test animals. 
Methyl para t hion treatment. ICR mice on methyl parathion diet 
treatment were challenged with ten organisms and immunization was 
given as three weekly dcses of 12 1-18 vaccine . 
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Unvaccina ted mice died mos tly between days 5 and 10 with the 
greatest number found on days 5 and 6 (Fig. 5). Fifty percent of the 
animals died in the controls, 70% died in group one, 65% died in gr oup 
two, and 85% died in group three. Mean time to death was 8 days for 
the controls and group one, 7 days for group two and 6 days for group 
thr ee. Mortality rate was significantly different between group three 
animals receiving 3.0 mg/kg/day and the untreated group. 
Deaths fo und in the vaccinated animals were all within the fi rst 
21 days. Mortality was 15% in the controls and group one and two , 
30% in group three. Mean time to death was 13 days for the cont r ols 
and groups one and two, 14 days for group three. 
Results indicated a decrease in natural resistance in mice with 
inc r easing levels of the chemical. The total number of deaths in gr oup 
t hree was significant ly different from that of the controls . Immunized 
aniiDals in group three also had a higher number of deaths as compared 
to rn ther groups that received immunization. A combined decrease in 
the dose of bacteria and increase in the dose of vacc i ne caused a 
reduced number of deaths in the animals, the time to death was also 
prolonged in the groups. 
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Carbofuran treatment. Carbofuran-treated mice also received a 
challenging dose of ten bacteria and immunization was given as three 
weekly doses of 12 ~g vaccine. 
Unvaccinated mice died mostly between days 5 and 8 with the 
greatest number found on days 5 and 6. Sixty percent of the ani-
mals died in the controls, 75% died in groups one and two, 90% died 
in group three (Fig. 6). Mean U .me to death was 10 days for 
the controls, 8 days for group one, 9 days for group two and 10 
days for group three. 
Vacc inated mice that succumbed to the infection all died within 
the first 22 days. Ten percent of the animals died in the controls 
and groups one and two, 25% died in group three. Mean time to death 
was 16 days for the controls , 15 days for group one, 10 days for 
group two, and 16 days for group three. 
The high treatment level produced a greater mortality as compared 
to other groups, immunized or non-immunized. However, the mortality 
rate was significantly different from the controls only in the non-
immunized animals. Although immunization did not afford complete 
protection, it did reduce the total number of deaths and prolong the 
time to death of the animals, as found earlier in the preliminary 
trials. 
S . typhirrruriwn in 
Blood and Tissues 
Methyl parathion treatment. In the non-immunized animals, the 
bacteria i n blood of all groups attained a great population by day 
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1, group three had a concentration of lOS organisms/ml which is higher 
than that in the other groups all of which had approximately 104 bac-
teria per ml (Fig. 7) . The numbers increased rapidly and reached a 
peak of more than 105 Salmonellae/ml on day 5 with no significant 
difference among the groups. Thereafter, the titers decreased to day 
21 except for group three which maintained a higher bacterial number 
of more than lOS organisms/ml . A peak was observed in group two 
on day 14 which is believed to be due to enumeration from blood of 
animal that died of acute bacteremia the following day; in general, 
only healthy looking animals were used for the enumeration process . 
The control group reached a lower titer at an earlier time as observed 
on the 7th day and maintained the lowest number of bacteria during the 
above observation period. On day 28, all groups showed another increase 
in bacterial population , bringing the numbers again to lOS cells/ml for 
the controls, group one and group two, and even higher for group three. 
It should be noted that group three animals whi ch had the high 
level of diet treatment and suffered a greater mortality here had a 
ten- fold difference in the number of bac teria on day l and maintained 
a higher level of organisms to day 21 as compared to the other groups. 
The control group, while having a lower mortality rate, maintained a 
lower level of bacteria in the blood most of the time. 
Immunization did not prevent the initial bacteremia obtained on 
day 1 but caused a restric tion in multiplication immediately af t er that 
whereby the bacterial population was lowered in all groups on day S 
instead of reaching a high peak as in the unvaccinated animals (Fig. 8). 
From then on , there was an increase on day 7 wi th no distinguishable 
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difference between the groups which al l had a population slightly below 
105 bacteria/ml. The same concentration was maintained by groups one 
and two until day 21; group three had a moderate rise on day 14 while 
the control group had a lowering in number to about 104 bacteria/ml 
bringing Jtore than a ten-folC: difference in ti;:er between the high 
treatment level group and the untreated group on day 14. A reduction 
in number was observed in all groups on day 28. 
Surviving mice appeared normal but their spleens contained about 
103 to 104 bacteria/g while their livers contained about 103 bacteria/g. 
(Fig. 9) Spleens of non-immunized mice from groups two and three seemed 
to harbor a greater number of organisms than the immunized controls 
while livers of the same mice from the two treated groups had a greater 
number of bacteria amounting to more than 104 organisms/g compared to 
the other immunized and non-immunized groups having about 103 bacteria/g 
(Fig. 9) . 
Carbofuran treatment. In the non-immunized animals , bacteria in 
blood had mounted a population of about 104 organisms/ml on day l (Fig. 
10). The numbers continued to rise and reached a peak of about 105 
organisms/ml on day 5 or 7 and then followed by a reduction in numbers 
on day 14. However, group land the controls which seemed to have main-
tained a smaller bacterial population all this time showed an increase 
in bacterial titer on day 21, but it was still lower than that reached 
on day 5. By day 28, the concentration was about 104 organisms/ml 
in all groups . During the whole course of challenge, group three had 
the greatest number of bacteria in the blood; it also had the greatest 
number of deaths in the mortality study. 
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Bacterial population in the immunized mice reached to more than 
103 cells/ml blood on day 1 and attained a peak on day 5 or 7 but 
so 
the peak count was always less pronounced than that in the correspond-
ing group that received no vaccination (Fig. 11). Groups one , two, 
and three revealed a restriction of microbial multiplication on day 
14; a much greater decline in bacterial numbers was detected in the 
controls earlier on day 7 reducing a concen tration of 104 to 103 
bacteria/ml. The restriction observed was not long- lived as microbial 
census showed a titer of greater than 104 bacteria/ml in all groups. 
The presence of Salmonellae was demonstrated in the spleens and 
livers of animals surviving 28 days after the bacterial challenge 
(Fig. 12). The animals appeared normal , their spleens contained about 
102 to 103 bacteria/g and the livers had about 103 bacteria/g except for 
the immunized controls where only about 102 organisms/ml were detected. 
Leukocyte Counts 
Methyl parathion treatment. The mean leukocyte count for normal 
mice was 9550/mm3 , and neither pesticide treatment nor immunization 
alone produced significant changes (Table 3) . A slight leukopenia was 
observed in groups one and three of immunized animals with mean leuko -
cyte counts of 6533/mm3 and 7250/mm3 , respectively; however, there 
were no significant differences or consistent changes in differential 
counts among the groups . The mean percent of polymorpho- nuclear leuko-
cytes in different groups ranged from 17 to 28 which did not differ 
much f r om the control of 23. The mean percent of lymphocytes ranged 
from 72 to 84 which also did not change much from the control of 76 . 
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TABLE 3 
DIFFERENTIAL LEUKOCYTE COUNTS FOR MICE THE 28TH DAY AFTER PESTICIDE TREAn!ENT 
Total + Polymorpho- Lympho- Band Monocytes Eosinophils 
Treatment Leukocyses S.E. nuclear cy tes Forms 
(per mm ) Leukocytes 
% % % % % 
Heth~l [>arathion 
Non-immuniz e d 
Control 9550 680 23 76 1 
.08 mg/kg/day 8700 1207 15 84 1 
0. 7 mg/kg/day 7550 896 19 81 
3.0 mg/kg/day 8750 1159 28 72 
Immunized 
Control 9533 742 17 82 1 
.08 mg/kg/day 6533 1272 22 78 
0.7 mg/kg /day 10533 67 22 78 
3.0 mg/ kg/day 7250 862 20 80 
Carbofuran 
Non-immunized 
Control 7350 1559 22 78 
0.1 mg/ kg/ day 7350 427 18 81 
0.6 mg/kg/day 7550 512 16 85 1 
1. 0 mg/kg/day 7900 129 14 86 
Immunized 
Control 8150 640 12 88 
0.1 mg/kg/day 8300 1248 13 87 
0.6 mg/kg/day 8150 21 78 1 
1.0 mg/kg/day 6550 918 12 88 
"' w 
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Carbofuran treatment. The normal mice had a mean leukocyte count 
of 7350/mm3 and the other groups had a similar value ranging from 
6550/mm3 to 8300/mm3 (Table 3). Mean percent polymorphonuclear 
leukocytes for different groups ranged from 12 to 21 compared to that 
cf 22 ir. the ncrmal group whereas the mean percent lympho~ytes ranged 
from 78 to 88 compared to the normal of 78, again indicating no 
consistent difference in the proportion of cells in the various groups. 
Opsonic Activity of Serum 
The assay on opsonic activity of serum was done with normal mice 
and sera collected from carbofuran-treated mice and their untreated 
controls. Labelled bacteria were removed relatively rapidly from the 
blood stream of normal mice after intravenous injection. This initial 
clearance rate lasted for about 10-15 min thereafter attaining a less 
rapid rate even after the introduction of test serum from the un-
treated control mice (Fig. 13). The same clearance rates for the 
30 min period were obtained with normal mice given serum from non-
immunized carbofuran-treated animals. Therefore, no opsonic effect 
was detected in serum from non-immunized animals, treated or untreated, 
as no inreased phagocytic activity was observed after the administra-
tion of test serum in both cases. 
When serum from immunized carbofuran-treated animals was used, a 
slight increase in phagocytic rate was observed in the second 15 min 
with the undiluted serum, however, this increased rate was still less 
rapid than the initial rate established during the first 15 min and 
so was not measurable (Fig . 14). Dilution of the serum did not 
produce any effect . 
Fig. 14 Opsonic effect of sera from non-immunized) carbofuran treated 
and untreated mice on clearance rate of 1 lr- labeled 
Sa~moneUa typhi muri um C in normal mice. Conditions and 
data presentation as in ~ig. 13. 
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and untreated mice on blood clearance rate of 1 x 109 cells, 
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TABLE 4 
OPSONIC EFFECT OF SERUM ON PHAGOCYTOSIS OF 
S . TYPHIMURIUM c5 
131I IN NORMAL Al"ID 
CARBOFURAN TREATED MICE 
Animal Treatment Serum Dilution Opsonic Effect (V1-V) X 100 
Non-immunized 
Control Undiluted to 1:16 ND 
1 mg CF/kg/day Undiluted to 1:16 ND 
Immunized 
Control Undiluted 0.84 
1:2 0.23 
1: 4 to 1:16 ND 
1 mg CF/kg/day Undiluted to 1:16 ND 
ND Not detected 
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Introduction of immune serum from immunized untreated controls 
increased the rate of bacterial removal during the second 15 min to 
one greater than that established over the first 15 min (Fig . 14). 
This increase in bacterial phagocytosis was evident in the increase 
of slope using the undiluted and 1:2 dilution serum, but was not 
observed with further dilution . A measurable opsonic activity was 
obtained and opsonic effect determination was expressed using data 
derived from the slopes (Table 4) . 
The specific opsonic activity of immune serum was demonstrated 
by the increased phagocytosis which 'tvas not found in serum of non-
immunized mice . Hatvever, the increased phagocytosis rate was not 
measurable when immune serum used was from mice that had been given 
chemi~al in diet indicating a possible interference by the treatment. 
Blood Clearance of Salmonella 
typhimuY'iwn 
Methyl parathion treannent. Control mice and chemical treated 
animals were given a fixed dose of S. typhimurium c5 intravenously and 
their blood clearance rates were then followed (Fig . 15). 
Non- immunized animals showed the same pattern of bacterial clear-
nance where initial rate was a little more r apid fo r the first 5 to 
15 min and t he ensu ing 15 min revealed a decreased clearance. The 
slopes obtained ·were not much different from each other . Immunization 
produced an increase in removal of bacteria from qlood in all groups, 
there was a ten-fold decrease in the number of bacteria in the circula-
tion within 30 min compared to the five-fold decrease in the non-
immunized animals . The residual number of bacteria was not observed , 
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no prominent decrease in clearance rate was noted. However , there 
was no significant difference among groups produced by the treatment. 
Carbofuran treatment. The same procedure for methyl parathion-
treated animals was followed as that for the carbofuran-treated groups. 
Similar observations were obtained in the non-immunized mice (Fig. 16). 
However, the immunized animals had a much greater clearance rate for 
the bacteria with a 15-fold decrease in bacterial number during the 
30 min. An exception was the immunized mice treated with the high 
level of chemical as this group maintained a significantly higher num-
ber of bacteria in blood constantly indicating an impaired clearance 
mechanism compared to the other three groups of immunized mice, al-
though its phagocytic activi ty was greater than the non-immunized 
ones. Chemical treatment then had affected response induced by 
active immunization. 
Agglutination Titers 
Agglutination was obtained with the prepared S. typhimurium 
antigen and sera from immunized mice of all groups, both controls and 
those receiving both pesticide treatments. The titer found was 1:8 
for all positive reactions. 
Another trial was run using sera from a group of older mice which 
had the same pesticide treatments . Again, agglutination was found 
only with sera from immunized animals and titer was 1: 16 for all immune 
sera samples. Only the immune sera had agglutinating antibodies which 
were produced by the animals in response to the vaccine given. The 
levels of these agglutinins in sera were not shown to be affected by 
the chemical treatments. 
'0 
0 
0 
:d 
..... 
~ 
"' •r! 
H 
Q) 
u 
u 
"' .D 
.... 
0 
H 
Q) 
1 
" 01) 
0 
....1 
8 
6 ·,, 
5 
0 
-- ---o 
,, 
·~-. 
.. 
10 20 
Time in mi nutes 
• 
• 
30 
NON-IMMUNIZED 
o Control 
o 0.1 mg/kg/day 
o 0.6 mg/kg/day 
"' LO mg/kg/day 
UIHUNIZED 
• Control 
• 0.1 mg/kg/day 
• 0 . 6 mg/kg/day 
• LO mg/kg/day 
F~g. 16 . RES clearance of lice S . typhimuriwn c5 (5 x 108 , i v) in mice treated with 
carbofuran . Each value r epresents the mean o f f our mice. 
cr-
..... 
62 
Gamma-Globulin Levels 
Methyl para t hion treatment . Pooled serum from animals receiving 
the high dose of methyl parathion had a gamma- globulin level of 0.37 
(as a r a tio t o transferrin) which was lower t han that of 0.61 in the 
serum on the controls (Table 5). The o ther two groups receiving a 
lower level of the pesticide had a gamma-globulin level equivalent to 
that of the controls . 
Immunized animals had gamma- globulin levels of 0.78, 0.75 and 0.63 
respectively for groups one, two, and three, compared to that of 0 . 81 
in the untreated mice . The differences were slight among gr oups . 
Carbofuran treatment. No correlation could be made in r egard t o 
effect and treatment in the non- immunized carbofuran-t reated mice as 
results obtained from them were inconsistent (Table 5). 
In the immunized animals, groups one, two, and three had similar 
gamma- globulin levels of 0.70, 0.72 and 0 . 73 respectively, levels which 
were close but slightly lower than that of 0.81 in the control group . 
Immunization increased total gamma-globulin levels in serum of 
a l l groups, treated or untreated with either chemical . 
Serum Immunoglobulin Levels 
Classes and Subclasses 
Classes and subclasses of serum immunoglobulins may serve 
different functions i n the animals. A quantitative study of these 
immunoglobulins was made to evaluate the effect of pesticides on the 
classes and subclasses. 
Methyl parathion treatment. Although all serum IgG levels wer e 
affected by methyl parathion, most apparent were the lowered levels 
found in the high treatment group (Fig. 17, 18). IgG1 , IgG2A a nd 
TABLE 5 
GAMMA-GLOBULIN LEVELS IN SERA OF MICE TREATED WITH METHYL PARATHION 
AND CARBOFURAN . EACH VALUE IS REPORTED AS THE GAMMA-
GLOBULIN RATIO TO TRANSFERRIN TAKEN AS REFERENCE. 
EACH VALUE REPRESENTS POOLED SERUM FROM 10 MICE 
TAKEN THE 28TH DAY OF TREATMENT 
Treatment Gamma-Globulin 
Methyl parathion 
Non-immunized 
Control 
.08 mg/kg/day 
0. 7 mg/kg/ day 
3.0 rng/kg/day 
Immunized 
Con trol 
.08 mg/kg/day 
0.7 mg/kg/day 
3.0 mg/kg/day 
Carbofuran 
Non- immunized 
Control 
0.1 mg/kg/day 
0 . 6 mg/kg/day 
1. 0 mg/ kg/ day 
Immunized 
Control 
0.1 mg/kg/day 
0.6 mg/kg/day 
1.0 mg/kg/day 
0 . 68 
0.66 
0 .68 
0.37 
0 . 81 
0 .78 
0.74 
0 . 63 
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Fig. 17. Serum immunoglobulin levels in non-immunized mice treated with methyl parathion. 
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IgG 2B were decreased in both non-immunized and immunized animals 
with a particularly low level of IgG2A which was 58 mg/dl in the non-
immunized animals , while that in the control was 204 mg/dl. IgA and 
IgM levels were not greatly affected. Immunization increased the 
immunoglobulin levels in most but not all cases. IgG was the highest 
in concentration followed by IgA and then IgM . 
Carbofuran treatment. Serum IgG levels were also affected by 
carbofuran, especially the I gG2A and IgG2B subclasses (Fig. 19, 20) . 
In the non-immunized animals, all treatment levels caused a decrease 
in the amount of IgG2A and IgG2B; the observed concentration ''as about 
70 mg/dl or less compared to that of about 200 rng/dl in the controls. 
In the immunized mice , IgG2A was low in groups two and three and IgG2B 
was low in group three; their levels "ere less than 100 mg/dl corn-
pared to 302 rng/dl IgG2A and 240 mg/dl IgG2B in the immunized controls. 
IgA lev els were also reduced in all carbofuran-treated animals but 
such effect "as less pronounced than in the case of IgG subclasses. 
IgG was also the class highest in concentration, except in cases where 
a reduction in the amount of immunoglobulin subclasses was observed. 
IgA was second in concentration followed by IgM . 
The greatest effect of the treatments was found in the decreased 
levels of IgG and its subclasses with variations between the two pesti-
cides. The IgG2A reductions demand special attention as this subclass 
is cytophilic for macrophages and these levels may bear a relationship 
t o the e t her obserJations made in t he studies. 
Lymphocyte Response to 
Mitogen Stimulation 
Methyl parathion treatment. Beth PHA and P\VM stimulated DNA 
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synthesis ( 3H-thymidine uptake) in the spleen cell cultures of all 
groups (Fig. 21). Immunization did not induce a greater response from 
the cells. A smaller response to PHA was observed in the non-immunized 
mice receiving the high level treatment; thus group three mice had a 
stimulated response equal to 26% of that of the untreated ones. The 
other t wo non- immunized groups had 70% and 72% response of the contr ol. 
Immunized animals showed a range of 77% to 102% response. For the 
res ponse to P\iM stimulation, non- immunized animals had a range of 
90% to 99% while immunized animals had a range of 91% to 107% as 
compared to the 100% response of untreated control. No correlation 
could be made of the treatment effect and lymphocyte response to 
mitogen stimulation , as results were not consistent with treatment. 
A more definite adverse effect was found in group three non-immunized 
animals where response was lowered by the high level treatment . 
Carbofuran treatment. Spleen cell cultures stimulated by PHA had 
responses ranging from 72% to 90% of untreated controls for non- immunized 
mice and 72% to 105% for immunized mice (Fig. 22). Response t o P\iM 
stimulation ranged from 80% to 8 7% of untreated controls for non-
immunized mice and 80% to lOS% for immunized mice . 
PHA is believed to s timula t e preferentially T lymphocytes which 
are associated with cellular immunity and PWM is believed to stimulate 
B lymphocytes associa ted with humoral immunity . There appeared a 
tendency of lower response in the non- immunized animals, but there was 
no strong indication of chemical effects on either cell type. 
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Phagocytosis of S. typhimurium 
by Mononuclear Macrophages in vitro 
Incubation of guinea pig peritoneal macrophages and bacteria 
opsonized with test serum from non- immunized methyl parathion- or 
carbofuran- treated mice in medium under constant rotation gave a very 
slow decrease in the number of viable bacteria in the supernatant (Fig. 
23) . After 120 minutes, the phagocytic index obtained ranged from 0.55 
t o 0.68 among t he non-immunized groups. When serum from immunized 
animals was used , phagocytosis was increased , which demonstrated that 
immune serum possessed opsonic activity which promoted phagocytosis of 
bacteria by the macrophages. The phagocytic index (1.09) for the 
methyl parathion treatment group was similar to that of the control 
group (1.17) but it was lowered in the carbofuran treatment group which 
had an index of 0.73. In all three groups, phagocytosis occurred 
mostly during the first 60 min, but was less or not detectable during 
the second hour . 
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DISCUSSION 
Susceptibility of experimental animals to bacterial infection 
can be modified by a number of 9hysiological and biochemical dis-
turbances which may be caused by environmental agents. In an attempt 
to evaluate the effects upon immune processes of t~vo pesticides, 
methyl parathion and carbofuran, the relative importance of alter-
ations in serum and cellular factors were studied by determining 
resistance and susceptibility to mouse typhoid. Mouse typhoid is a 
naturally occurring infection which provides an excellent experimental 
model of the generalized Salmonella infections of man and points out 
outstanding aspects of host resistance . The mortality rates among 
infected animals and evaluation of the host 's response by bacterial 
ennumeration during the time course of infection are two methods of 
scoring the infectious process. Study of both gives an estimation 
of susceptibility and also reveal the profound changes which occur 
rapidly in mice whether susceptible or resistant to the infection. 
Continuous exposure of mice to low concentrations of methyl 
parathion a nd carbofuran for a 28-day period produced no clinical 
sign of toxicity but did indicate an enhanced susceptibility to 
S. typhimurium infection. A relationship between treatment level and 
mortality rate during infection was noted for both chemicals, and 
the protection afforded the animals by previous innoculation of 
acetone-killed vaccine before challenge was diminished . Death pattern 
was unpredictable except that the greatest number of deaths in 
different groups infected at the same time occurred mostly on the 
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day which was 5 to 7 days after challenge. Immunization resulted 
in considerable protection from the challenge dose of virulent 
bacteria and an antilethal effect was also observed in the prolonged 
time to death in mice vaccinated. Immunized mice treated with the 
highest pesticide dosage suffered greater mortality than control 
immunized mice but the difference was not significant except for the 
preliminary study with carbofuran. A repeated testing did not show 
consistent marked difference . Reduction of the challenge dose from 
30 to 10 organisms and an increase of two innoculations of 10 ~g 
vaccine to three innoculations of 12 ~g vaccine produced a stronger 
protection in the infected animals, which reflected a dose dependency 
relationship . 
As all mice in any group ~vere given the same treatment, the ques-
tion arises as to whether the proportion of survivors could be explained 
by elimination of innately susceptible mice . It has been shown that 
mice of a given strain are relatively uniform in their susceptibility 
to this organism and equally capable of developing acquired resistance 
(Hobson, 1957). Survival, therefore, is an expression of resistance . 
Mice survive only if their defense mechanism becomes activated in 
response to the infection and destroy intracellular bacteria before 
the infection becomes irreversible. Greater resistance then is believed 
to be associa t ed with grea.ter efficiency in eliminating bacteria and 
any interference with the resistance mechanism should thereby permit 
less uninhibited bacterial growth. The early events which occur shortly 
after introduction of S. typhimurium into the animals must thereby 
determine the ultimate fate of these animals. 
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A good indication of the ability of the host to kill bacteria or 
of the bac t eria to over come the host ' s defenses is the measurement of 
the changes in number of bacteria in tissue . Results showed quanti-
tative differ ences in microbial multiplica t ion which reflected mor-
tality rates in groups of mice challenged although the mice that died 
or appeared moribund were excluded and so the present ed data do not 
represent accura t e l y the behavio r of S. typhimurium in normal mice. 
The bacterial population in blood of different groups reached a peak 
between days 5 and 7, corresponding to the time when most animals died. 
The mice untreated with pesticide maintained a lower number of bacteria 
than the treated ones . While the immunized methyl parathion- treated 
animals constantly had a lower level of bacteria in their blood than 
the non- immunized animals, the immunized carbofuran- treated animals 
had a lower level for 14 days after which the population increased to 
that comparable to the non- immunized mice, however the number of deaths 
in the immunized groups was markedly decreased . This s uggests that the 
mice are more susceptible at a time when the r ate of bacterial dis -
appearance is changing rapidly in the early stage and therefore ini-
tial response is important in determining suscep t ibility. This also 
means that the invading organism has to be dealt with efficiently befo r e 
t he infection reaches an acute stage . 
Since the same organism multiplied in all normal controls, it 
was concluded that every mouse was initially susceptible. It follows 
that animals which survive a primary infection do so by virtue of a 
highly effective form of acquired antibacterial immunity. If the 
bacterial cells invade the vascular system before acquired immunity 
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develops in the animal, the organism would disseminate and cause the 
build-up of an infecting population . The rapidity of events that 
occur during an infection would depend on further dissemination by the 
foci which originate from lesions derived from reimplantation of 
organi~ms. That mice injected intr·ape:citoneally with Salmonella 
incur generalized infection was demonstrated by NaKano (1961) 
and Kaye and Hook (1963); the recurring bacteremia observed could 
be a result of the release of bacteria from spleen and liver where 
bacterial multiplication had taken place. In th e present study, the 
animals which survived 28 days after infection and were then sacrificed 
did harbor the infecting organism in liver and spleen though they 
appeared healthy and normal. Mice are capable of developing a mechanism 
which kills newly implanted organisms arising endogenously, thus 
preventing the development of a self- sustaining infection, and when 
this stage of host _resistance has been reached, organisms released 
from the primary foci would also be removed from blood a nd inactivated 
in tissues. However, ultimate or complete destruction of the bacteria 
must be difficult to accomplish as the enumeration data showed that 
bacteria persisted in large numbers in the surviving or resistant 
animals. Thus, we have a paradox of persisting primary infection in 
the presence of resistance. 
Immunization showed a more effective control over the bacterial 
population during the initial stages of infection as evidenced from 
the restriction in multiplication of the pathogen. It follows that 
an increased bacterial population and mortality after challenge in 
chemically treated mice could be due to a decrease in the effic i ency 
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with which these infected animals deal with the pathogen. Therefore, 
it is logical to examine the events that take place after S . typhimurium 
administration. The interaction between host and bacterial parasite 
is a complex one and the survival of one or the other is favored by 
such fac~ors as the acti·Jity of phagocytic cells, the capacity ~f the 
bacteria to multiply within the host environment and the titer of 
specific and non- specific opsonins; each of these factors was studied 
in the present investigation . 
Normal mouse blood appears to lack a bactericidal mechanism 
(Marcus et al . , 1954; Muschel, 1956), so any killing of bacteria that 
takes place in the infected mice is assumed to be due to a cellular 
mechanism. The phagocytic function of the RE macrophages is a physio-
logical constant with little variation under normal conditions. The 
rate of blood clearance of micro-organisms can be studied by following 
the number of viable bacteria in circulation after intravenous injec-
tion. In the mouse this rate of clearance is low for SaUnonella , 
E. coli, and Kl ebsel l ia pneumoniae , whereas it is high for Staphylococci 
(Benacerraf et al . , 1959; Benacerraf and Miescher, 1960; Biozzi et al. , 
1960; Stiffel et al., 1964; Farant et al., 1967). In mice injected 
S. typhimurium C5 in the present study , the rate of phagocytosis slowed 
progressively after the first few minutes until an almost constant level 
of residual bacteria remained after 15 to 30 min. The progressive 
slowing of clearance could be explained by the presence of a percentage 
of bacteria resistant to phagocytosis. There is a difference in rate 
of disappearance of viable SaUnonella in non- immunized and immunized 
mice with the latter animals having a greater rate of clearance in both 
chemical groups and controls. Even wi th this increased clearance , the 
immunized animals , like the non- immunized ones, also developed bacter -
emia as observed earlier in the enumeration data . This bacter emia 
could be accoun t ed fo r by s urvival of organisms inside the c i rcula t ing 
polynorphcnuclear leukocytes. · A dec~eased ~ate cf clearance was 
fo und in t he immuni zed mice that received the high treatment level 
of pes t icides. These groups also had hi gher mortality compared to 
the controls. 
A difference in phagocytic rate may also be a reflection of the 
number of mature or immature cells in the macrophage population as the 
RES of the spleen and liver is a system of phagocytic cells in various 
stages of maturation. Under the stimula t ion of chemicals, a speeding 
or slowing of the maturation pr ocess may occur so that a greater or 
lesser number of mature macrophages are present than there othenvise 
would be . The ma t ure cells would possess phagocytic and bactericidal 
properties while the immature cells are less efficient in ingesting 
bacteria, or , even if capable of ingesting bacteria at the same rate, 
may not be able to kill them thus allowing growth t o take place. The 
indica t ion in this study that treated mice were able to eliminate a 
superinfecting dose of bacteria from the circulation implies that defec -
t ive clearance i s not the r eason for the persistence of the primar y 
i nfection. Bacteria survived , presumably, within cells that could not 
inactivate them as it should be noted that living S . typhi muri um is 
highly toxic for macrophages. An early report showing that immune 
serum protects cells against the cytotoxic effect of the bacteria came 
from Gelzer and Suter (1959) . The showed in vitro that macrophages 
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infected with virulent S . typhi murium were completely destroyed within 
a few hours, but when injected in the presence of immune serum, the 
immediate cytotoxicity of the organism was abolished . 
This effect on macrophage killing and the early restriction of 
multiplication may account fo ·c some effects of antibodies on the or-
ganism 's growth pattern in immunized mice, as any influence which pre-
vents the creation of cyto- destructive foci would help to slm; the rate 
of progress of the infection. It is suggested that a synergism existed 
between humoral antibody and the intracellular environment whereby the 
circula ting antibody entered the cells upon phagocytosis of the bac-
teria and allowed a stabilization of the interaction between cell and 
parasite without inhibiting intracellular multiplication. The spread 
of the pathogen would be restricted with prolonged cellular residence 
of the bacteria. 
An important factor t o be cons idered in the .context of phagocytosis 
and intracellular survival of bacteria is the level of serum opsonins. 
It has been established that opsonic factors leading to uptake of 
bacteria by the RES are one of the major dete r minants of host suscepti-
bility (Jenkin and Rowley, 1961). Phagocytosis of poorly opsonized 
virulent bacteria is never great and of phagocytosed bacteria , large 
numbers survive to multiply intracellularly. 
The data obtained from the study of opsonins were suggestive but 
the activity detected with the immune serum was of a very low order. 
The low level of activity might be a result of the high dose of bacterial 
cells employed which rendered the experiment less sensitive . The test 
may be made more effective in the detection of greater activity when 
a smaller dose of bacteria is applied. This is because in compa r ative 
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measurements of the opsonic activity of immune sera, the degree of 
opsonization is inversely proportional to the dose of bacteria used and 
so for small doses of bacteria the sensitivity of opsonic detection is 
very great. Biozzi et al. (1963) and Stiffel (1963) have shown that 
high diL1tions of serum no longer able to show any agglutinating power 
in vitro were still able to produce a marked opsonic effect in vivo . 
The obs erved agglutinating antibody response appeared to be a 
primary response to the test organism, since antibodies directed 
against S. typhimurium antigens could not be detected in the sera 
of non- immunized mice. Production of antibodies measured against 
agglutination was act ive in pesticide treated animals while that of 
opsonic an tibodies measured against bacterial phagocytosis was less 
active, or undetectable. The latter measurement might be made more 
sensitive by decreasing the dose of bacteria injected (as mentioned 
earlier). Although the specificities of the opsonic and agglutinating 
effects of antibody directed against the somatic antigen of Sa Unonella 
are identical, Biozzi et al. (1963) found that there is no relationship 
between the opsonic and agglutinating power of different immune sera. 
An explanation may lie in the variations in the classes of antibodies 
present, as it has been shown that both IgG2 and IgM are endowed with 
opsonic activity (Robbins, et al . , 1965; Parish, 1965; Smith et al., 
1967, Del Guercio et al., 1969). Only the antibodies directed against 
the somatic antigen 0 or Vi have an opsonic activity , \Vhile those 
directed against flagella H antigen are devoid of opsonic effect 
(Biozzi et al., 1961, 1963). 
The effect of antibodies on bacterial infection was studied by 
Blanden et al. (1966 a,b) who found that specific antibodies converted 
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a peritoneal infection from a rapidly lethal one to one resembling 
an intravenous infection which had a prolonged survival and required 
a higher LD50 value . It has also been shown that specific an tibodies 
to S. typhimurium gave passive immunity to mice challenged with this 
organism, showing that there is a correlation between specific anti-
bodies and resistance to the pathogen (Jenkin , 1964). It follows that 
the degree of resistanc.e to S. t':Jphimurium c5 may be determined by the 
level of antibodies that the animal possesses . Results in this study 
showed that gamma- globulin levels in serum of mice were affected by 
pesticide treatment which lowered the total gamma-globulin level; 
however, the inconsistency observed in the non- immunized carbofuran-
treated animals afforded no immediate explanation. In studying 
immunity against typho id infections, Kenny and Herzberg (1967)' found 
that activity associa t ed with antibody response involved the presence 
of gamma - globulins as well as macroglobulin activity. Therefore, one 
canno t exclude the possibility of some protective role played by the 
gamma-globulin antibodies, although macroglobulin has usually been 
reported to be the predominantly active component in the immune response 
to the administration of Sa~~onella antigens in humans (Ushiba et al. , 
1959) . 
An assay system was also employed to measure the qualitative dif-
ference in antibody production ••hich helped to provide a correlation 
between antibody and protection. The examination of subclasses of IgG 
\vas an attempt t o elucidate such possible correlation . Serum IgG 
levels, especially the IgG2 subclasses, tolere affected by methyl 
parathion treatment; their levels were lowered at the high dosage 
given; IgG levels of each subclass and IgA were reduced in carbofuran-
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treated mice. In mice (and guinea pigs) IgG2 is cytophilic for 
macrophages while IgG1 is not. Since macrophages and monocytes are 
phagocytic cells, it is very likely that the cytophilic antibodies 
function as opsonic antibodies . Therefore, a decrease in these anti-
bodies would affect che defense mechanism which might account for 1:he 
increased susceptibility observed . Under certain circumstances, an 
immune response can be restricted to one or another immunoglobulin 
subclass differing in activity. However, restricted antibody formation 
o f any subclass may cause immune deficiency and so provides less pro-
tection for the organism from the invading agents. At the present, 
very little information exists on immune responses according to classes 
and subclasses of the immunoglobulin. 
The quantity of immunoglobulin synthesized per day in an or-
ganism is dependent on the number of plasma cells . It is possible 
then to question whether diminished production of antibodies was due 
to a lack of immunologically competent cells. Differential leukocyte 
counts did not show any treatment effect secondary to a change in 
the total counts or the number of lymphocytes or polymorphonuclear 
leukocytes. On the other hand, differences in antibody production 
may have been due to differences in the ability to respond to Sa lmone l la 
antigens or a reflection of differences in amount of antigenic stimulus 
received. In this respect the lymphocytes are involved. It is gener-
ally considered that the lymphocyte activation phenomenon as tested 
with mitogens in vi tro is of considerable value in detecting the 
immunological competence of lymphocytes. Mitogen- induced lymphocyte 
responses i n vi t r o as characterized by gross morphological and 
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biochemical changes are similar to antigen induced immune reactions 
in vivo. Coulson and Chalmers (1964) suggested that various mito -
genic substances can induce cells to under go the pattern of responses 
' normally ' dependent upon strict immunological activation, thus 
bypassing the requirement for antigenic recognition . 
In the present study where the effec t s of methyl parathion and 
carbofuran were studied in splenic lymphocyte cultures, it was found 
that PHA-induced responsiveness was impaired in unvaccinated mice 
treated with the high level of methyl parathion; similar effects were 
not noted in other groups of animals. This implies that decreased 
immunogl obulin formation is not a consequence of incompetent antibody-
producing cells-- B cells that respond to PWM. Decreased response to 
PHA shows an effect on the T cells which could affect antibody-producing 
cells as an interrelationship exists between T and B cells . Immuniza-
tions seems to have stimulated a population of cells to make and 
secrete antibodies in establishing higher levels , however, the 
immunization procedure did not increase response of lymphocytes to 
mitogen stimulus; though cell populations have been stimulated to divide, 
these cells are antigen- driven and do not seem to increase the numbers 
of progeny having similar properties. Thus, a memory system appears 
to have developed for antibody synthesis bu t not for mitogenic-
induced proliferation. An explanation for. the latter could be that 
the system employed has not been sensitive enough to detect it . 
There is a paucity of information regarding t he immunological 
aspects of exposure to pesticides. Although recent attempts have been 
made to determine the effect of pesticides on the immunological 
reactivity of living organisms, very little is known about the 
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mechanisms involved. There is some evidence that indicate that one 
of the first steps in many of the response of cells to immunologic 
st:L<1uli involves the activation of an esterase (Becker and Hensen, 
1973). Organophorous compounds were found to inhibit numerous 
immunologically activated systems in vitro . A given cell is believed 
to contain a serine esterase in an enzymatically inert or proesterase 
form; upon interaction of the cell and stimulus, the proesterase is 
transformed to an active enzyme susceptible to inactivation by organo-
phor ous compounds. Becker and Hensen (1973) presented references to 
and summary of experimental basis f or the phenom~non of esterase 
activation in in vitro reactions, and the evidence has been reviewed 
by Aldridge and Reiner (1972). 
As Adkinson (1977) has pointed out, the environment-immune sys-
tem interaction is common enough to have potential impact on the 
public health . Although the resiliency of the immune system t o en-
v ironmental stress appears to be great, study of the effect of chromic 
exposure to low level environmental agents on immune responsiveness 
should be pursued. Selected areas should include study of agents 
which show indications of selective t oxicity for the immune system, 
and evaluation of clinical states of increased susceptibility to 
infection or increased incidence of cancers of multiple origin. 
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SUHMARY 
The influences of two pesticides on immune responses to bacterial 
infection in mice were studied . Mortality rates were determined in 
prelimi nary trials to study the nature of the dose- response relation-
ship. An increased number of deaths was found in unvaccinated mice 
receiving the chemical treatments and a decrease in the protection 
acquired by immunization was also observed with bo th methy l parathion 
and carbofuran at high treatment levels . The correlation of higher 
mortality to infection with chemical dosage was confirmed by the 
principal trials. Increased mortality was accompanied by an increased 
number of viable bacteria in blood during the first two or t hree weeks 
of infection. It was assumed that all mice are initially susceptible, 
and that survival is an expression of resistance by virtue of acquired 
antibacterial immunity . Any adverse effect of the pes t icides would 
affect the efficiency with '"hich the infected animals respond to the 
pathogen. 
Investigations were made to examine the various aspects of host 
resistance and parameters of immune system indicative of humoral and 
cellular immunity. These include the activity of the reticuloendo -
thelial system consisting of fixed and sessile phagocytic cells which 
clear the blood of bacterial cells, the level of specific opsonins 
which enhance phagocytic activity, antibody production, and trans-
formation of splenic lymphocy tes by selective mitogens. Study on 
these factors helps to ident i f y mechanisms involved that may contribute 
to the effects seen J;.;ith pesticide treatments. 
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With methyl parathion treatment, serum gamma-globulin level 
was lowered in the high level groups . Serum immunoglobulin levels, 
especially the IgG2 subclasses, were also reduced. Response of 
splenic cells to PHA stimulation was decreased in non-immunized 
mice receiving high treatment levels of methyl parathion, 
In the case of carbofuran, blood clearance of viable bacteria 
was impaired in vaccinated mice receiving the high treatment level. 
Serum opsonic activity was measurable in in~unized untreated mice 
but not in treated mice. Serum IgA and IgG subclasses were reduced 
in carbofuran-treated animals . The results present evidence that 
the competence of mammalian immune system is s usceptible to modifi-
cation by chronic, low level exposure of animals to chemicals . In 
this respect, the immunological indicators of response may be more 
sensitive to the chemicals than are the widely studied biochemical 
or toxicological indicators. 
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